and changes in associated trophic webs [7] [8] [9] , and these results would be associated with optical properties obtained from satellite images [10] [11] [12] .
The aim of the present study is to compare spectral property data obtained from LANDSAT-8/OLI in lakes located in lagoons within Huerquehue National Park, which is a mountain zone with native forest of Nothofagus at low altitudes, that is replaced gradually by A. araucana and shrubs at high altitudes and with many lakes associated with different surrounding vegetation [1, 3] . These sites are located within a mountain zone with different surrounding landscapes, from Nothofagus forests and shrubs in Tinquilco lake, and Nothofagus and A. araucana forests for Los Condores, Olvidada, Chico, and Del Sacrificio lagoons. Los Patos lagoon is located inside A. araucana forest with shrubs, and Las Mercedes and San Manuel lagoons are located in a shrub zone with presence of A. araucana. Many of these lakes are located in zones with serious access problems, and only a few of them are not accessible by mountain paths [1, 3] . Many of these lakes are located in zones without easy access, and in this scenario the first exploration by remote sensing techniques would be very useful for begin limnological studies [9, [13] [14] [15] .
Material and Methods
The remote sensing procedures use a Landsat-8 operational land imager (OLI) image from 31 January 2016. The Landsat-8 image is provided by the Land Processess Distributed Active Archive Center (LP-DAAC) of the U.S. Geological Survey (LPDAAC.usgs.gov). The spectral and spatial characteristics of the OLI sensor are presented in Fig. 1 and Table 1 . The bands of visible, near, and mid-infrared were calibrated radiometrically to spectral radiance and then to reflectance with atmospheric correction being applied.
This image is used to obtain data of different lakes and lagoons within Huerquehue National Park (Fig. 2) . The obtained reflectance of Huerquehue National Park lakes of OLI sensor are presented in Table 2 . Reflectance data analysis was applied as a principal correspondence analysis to obtain the grouping for sampled sites. This statistical analysis was applied using the software R [16] and the Package HSAUR [17] , based on methodology used for Patagonian lakes [10] [11] [12] .
Additionally, two other Landsat-8 images were used (dated 25 January 2014 and 28 January 2015) to confirm whether the results have the consistency and reproducibility of other days. In this case dates for the summer period are compared in order to eliminate the effects of phenological changes in vegetation surrounding lakes and lagoons.
Results and Discussion
The correlation analysis (Pearson correlation test) revealed only direct significant correlations between B1 with B2 (R 2 = 0.912; p<0.05), B2 with B3 (R 2 = 0.714; p<0.05), B3 with B4 (R 2 = 0.894; p<0.05), B4 with B5 (R 2 = 0.691; p<0.05), B4 with B6 (R 2 = 0.690; p<0.05), B4 with B7 (R 2 = 0.719; p<0.05), B5 with B6 (R 2 = 0.995; p < 0.05), B5 with B7 (R 2 = 0.983; p<0.05), and B6 with B7 (R 2 = 0.995; p<0.05) ( Table 3 ). The PCA revealed that variables that contributed to axis 1 were B4, B5, and B7, whereas B1, B2, and B3 contributed to axis 2 ( Table 4 , Fig. 3 ).
The results of PCA revealed the existence of a first group joined by Angelica, Chico, Del Sacrificio, Toro, Olvidada, San Manuel, and Los Condores lagoons with low B3, B4, B4, B5, B6, and B7 reflectance values, relatively low altitude, and Nothofagus and A. Araucana forests; also, it denoted a second group joined by Las Mercedes, Huerquehue lagoons, and Verde lake with high B1, B2, and B3 reflectance values, relatively high altitude, with A. Araucana forests. In addition, Tinquilco Lake has low B5, B6, and B7 reflectance, low altitude, and Nothofagus forests. Finally Los Patos lagoon has high B5, B6, and B7 reflectance value with relatively high altitude, with A. Araucana forests (Fig. 3) . The analysis of two other Landsat-8 images used (25 January 2014 and 28 January 2015) confirm the consistency of these results (Tables 5 and 6 ).
The present study revealed differences in optical properties for studied lakes that could be denoted using Table 3 . Correlation matrix for variables considered in the present study (values in bold denotes significant correlation; p<0.05). Table 5 . Geographical location, altitude, and reflectance for studied lakes (2014).
In conclusion, it is possible to use satellite reflectance data for monitoring the chemical and trophic status of lakes and lagoons. For example, in the case of Los Patos lagoons, in the three years analyzed, permanently the reflectance values in the infrared bands are superior to the other lakes and lagoons, agreeing that they correspond to more gaps in shallower, smaller, and more ephemeral pools. Also, it is possible to relate high reflectance values to A. Araucana forests, although low reflectance values appear to be related to Nothofagus mixed with A. Araucana forests.
The results presented indicate that a potential correlation between environmental associations due to surrounding basins and optical properties might possibly be found; however, it would be necessary to carry out more intensive studies and obtain more data to be able to confirm or discount the possibility of finding potential correlations and their variations at multiple spatial and temporal scales [18] [19] . Table 6 . Geographical location, altitude, and reflectance for studied lakes (2015).
